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ABSTRACT 
Adsorption on a solid adsorbent is the fundamental processes in the field of separation processes, purification of 
gases, adsorption cooling, advanced adsorption cooling, and extensive work on hydrogen storage. The 
understanding of the thermodynamic properties of adsorbent plus adsorbate system is important to analyze. 
Information concerning the relevant adsorption equilibrium and characterized of adsorbent is generally an essential 
requirement for the analysis and design of an adsorption separation process. For practical application, the 
adsorption equilibrium must be known over a broad range of operation temperatures. Also, the isotherms of pure 
species are fundamental information for dynamic simulation of adsorbers. The main objective of this research is to 
design kinetic adsorption test rig to investigate the capacity and rate of adsorption on adsorbent and adsorbate 
pair’s. The result of design kinetic adsorption test rig including dimensions of vapor vessel (pressure vessel) and 
measuring cell. The volume of vapour vessel is 1000 ml and measuring cell is 100 ml. Kinetic adsorption test rig 
was manufactured to investigate capacity and rate of adsorption up to 40 bar. 
 
Keywords: Kinetic adsorption test rig, capacity and rate of adsorption. 
. 
1. INTRODUCTION  
Adsorption on a solid adsorbent is the 
fundamental processes in the field of separation 
processes, purification of gases, and adsorption 
cooling. The understanding of the 
thermodynamic property fields of adsorbent plus 
adsorbate system is important because it enables 
the adsorption processes to be analyzed.(Saha, 
B.B., et al, 2006).  
Information concerning the relevant 
adsorption equilibrium and characterized of 
adsorbent is generally an essential requirement 
for the analysis and design of an adsorption 
separation process. For practical application, the 
adsorption equilibrium must be known over a 
broad range of operation temperatures (Lee, 
Jong-Seok, et al, 2002) 
At least, there are two methods two know the 
adsorption equilibrium, first is direct method 
(gravimetric method) and secondly is indirect 
method (volumetric method). 
The main objective of this research is to 
design and manufacturing kinetic adsorption test 
rig to investigate the adsorption equilibrium such 
as capacity and rate of adsorption with indirect 
method (volumetric method). The data will be the 
basic data for analysis and design of an 
adsorption process. 
 
THERMODYNAMICAL ANALYSIS 
An adsorbate mass balance on the measuring 
cell of the sorption kinetic test rig yield (Dawoud 
dan Aristov, 2003): 
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Figure 1. Scheme of kinetic adsorption test rig 
Where: 
dt
msd,
dm
: adsorbate mass flow rate in 
measuring cell (kg/s) 
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vv
m    : adsorbate mass flow rate in     vapour 
vessel (kg/s) 
adsm    : mass flow rate of adsorbate on 
adsorbent (kg/s)   
 
Assuming an ideal gas behavior for the 
adsorbate during the whole sorption process, both 
the rate of adsorbate flow from the vapor vessel 
to the measuring cell and the time rate of 
variation of the mass of the vapor phase in the 
measuring cell can be obtained according to the 
following equations (2) and (3).             
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By substitution equations (2) and (3) to equation 
(1) can be obtained: 
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Knowing the mass of the dry adsorbent 
sample ms,dry as well as the starting adsorbate 
loading x0, the time variation of the adsorbate 
loading can be calculated due to equation (5): 

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In order to compare the results of measuring 
the sorption kinetics under different operating 
conditions, it is reasonable to represent the time 
variation of the adsorbate loading in a 
dimensionless form. This may occur by defining 
the dimensionless differential adsorbate loading 
  as the ratio between the instantaneous 
differential adsorbate loading to the maximum 
differential adsorbate loading achievable at each 
operating condition of the sorption process on the 
sorbent sample. 
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2. METHODE OF DESIGN 
Kinetic adsorption test rig consist of pressure 
vessel, measuring cell, vacuum pump, gas vessel, 
pressure transmitter, thermocouple Type K, and 
circulating thermal bath. Design of kinetic 
adsorption test rig only for pressure vessel and 
measuring cell. 
 
 
Figure 2. Pressure Vessel  
 
 
Figure 3. Measuring Cell 
 
Measurement 
The Adsorption experiments were based on 
the static volumetric method. In this method, the 
Pressure vessel 
Measuring cell 
Jurnal Photon Vol. 2 No.1, Oktober 2011 
FMIPA-UMRI 3 
maximum capacity and adsorption rate of 
adsorbate on adsorbent were determined by 
appropriate pressure and temperature 
measurement. 
The system pressure was measured by an 
absolute presure transmitters (DRUCK, PTX 
1400) ), the pressure range are 0 – 40 bar and its 
reading uncertainty is ± 0.15 % within the 
useable measurement range with a high accuracy 
signal conditioner (ADAM, type 4018). 
The system temperature was measured by 
Thermocouple type K  
 
Figure 4. Pressure transmitter and thermocouple 
type K 
 
 
Figure 5. Data acquisition modules 
 
During the experiment, the temperature in 
pressure vessel and measuring cell were 
maintained by circulating thermal bath and the 
temperature controllers of the circulating thermal 
bathes have an accuracy of ± 0.2oC. 
 
 
Figure 6. Circulating thermal bath 
 
3. EXPERIMENTAL PROCEDURE 
In order to activate the adsorbent sample, the 
measuring cell is heated to 150oC and evacuated, 
in the same time, for 1 h using a vacuum pump 
(degassing process). During this process, 
measuring cell is separated from pressure vessel 
and kinetic adsorption test rig system. After 
degassing process the measuring cell is cooled 
down to the required sorption temperature and 
measuring cell were connected with tubing to the 
kinetic adsorption test rig system.  
 
 
(a) 
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(b) 
Figure 7. Schematic of kinetic adsorption test 
rig (a) picture of kinetic adsorption 
test rig (b). 
 
The temperature of the pressure vessel is 
adjusted to the required sorption temperature, and 
then charged with adsorbat (gas) from the gas 
storage, up to the required starting pressure for 
the sorption process. The temperature of the 
connecting piping and valves has to be adjusted 
and controlled to the required sorption 
temperature. 
The first sorption process starts when the 
valve V2 and V4 is opened (in figure 7a), 
resulting in decreasing the pressure in the 
pressure vessel for 30 minutes. During the first 
sorption process, the temperature of water in 
circulating thermal bath 2 was prepared to be 
10oC. The sorption process starts when the 
temperature of water in circulating thermal bath 
is 10oC and was flowed to water jacket of 
measuring cell. 
The pressure variation, being measured using 
the two pressure transmitters P1& P2 are used to 
determine the amount of the adsorbed gas on the 
adsorbent sample.  
 
Repeatibility of Kinetic Adsorption Test Rig 
Repeatibility was done to guarantee that 
kinetic adsorption test rig can result the capacity 
and rate of adsorption data in the same value on 
the same condition. Figure 9 describes CO2 
adsorption on commercial activated carbon at 
presure equlibrium 1.5 bar and at isothermal 
temperatur 30oC. It can be seen from figure 9, in 
general the path of the graph almost have the 
same value, the different of both of path causes 
dry sorbent mass of activated carbon is different. 
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Figure 8. CO2 adsorption on commercial    
activated carbon  
 
4. CONCLUSION 
1. Kinetic adsorption test rig can be use for 
research in adsorption engineering to 
investigate capacity and rate of adsorption 
data 
2. Kinetic adsorption test rig was manufactured 
to investigate capacity and rate of adsorption 
up to 40 bar 
3. Pressure vessel and measuring cell were 
design for pressure up100 bar. 
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